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SRODU ((* DPSOLILHU GHVLJQHG VSHFLILFDOO\ IRU XVH LQ D EUDLQ
FRPSXWHULQWHUIDFH %&, 7KH GHVLJQ SULQFLSOH RI DPSOLILHU LV
EDVHRQDGLIIHUHQWLDO DPSOLILHU IROORZHGZLWKPXOWLSOHJDLQ DP
SOLILHU XQLWV 7KH DPSOLILHU JDLQ LV HDVLO\ PRGLILHG WR DPSOLI\
RWKHU ELRSRWHQWLDO VLJQDOV7KHGHVLJQ FLUFXLWPHHWV WKH UHTXLUH







DO QHXURQV UHFRUGHG IURP LPSODQWHG HOHFWURGHV >@ %&, KDV
EHHQ LQWURGXFHG WR UHFRUG WKH ((* VLJQDOV IURP VXEMHFW DQG
SURFHVVWKHUHFRUGHGVLJQDOVIRUIXUWKHUDSSOLFDWLRQ
$ FRPSOHWH ((* VLJQDO DFTXLUH V\VWHP FRQVLVWV RI ((*
VRXUFHDPSOLILHUILOWHUV$'FRQYHUWHUDQGDGLVSOD\
%HFDXVH((*VLJQDOKDVDYHU\ORZOHYHORIYROWDJHUDQJ
LQJ IURP9 WR P9 >@ LW KDV WR EH DPSOLILHG WRPDNH
FRPSDWLEOH ZLWK RWKHU GHYLFHV VXFK DV GLVSOD\V UHFRUGHUV RU




%HVLGHV((*RWKHU LPSRUWDQW ELRSRWHQWLDO LQ FOLQLFDO WHVWV




&RPPRQO\ D JRRG DPSOLILHU UHTXLUHV VPDOO LQ GLPHQVLRQ
DQG ORZSRZHUFRQVXPSWLRQ >@6PDOOGLPHQVLRQVRIGHVLJQ
HQDEOH WKH PRGXOHV WR EH XVHG LQ DOO NLQGV RI SRUWDEOH DQG






GHVLJQHGE\ UHVHDUFKHUV WR UHFRUG WKHELRSRWHQWLDO VLJQDOV >
@ ,Q WKHVH SURSRVHG GHVLJQV DPSOLILFDWLRQ RI ELRSRWHQWLDO
ZLWKGLIIHUHQWLDODPSOLILHULVDOPRVWDQD[LRP















WRFROOHFW ORZ OHYHODF VLJQDOV LQ WKHSUHVHQFHRIFRP






'5/ FLUFXLW LV XVHG WR FDQFHO WKH FRPPRQPRGH SR
WHQWLDO RI WKH ERG\ ,Q LGHDO FDVH WKH FRPPRQPRGH
VLJQDOVKRXOGGULYHWR]HURE\WKH'5/FLUFXLW
+RZHYHU WKH FLUFXLW VWLOO KDV VRPHGUDZEDFNV6RPH
UHVLGXDOFRPPRQPRGHSRWHQWLDOEHWZHHQWKHERG\DQG
HDUWK DOZD\V PHDVXUHG 5HGXFHG UHMHFWLRQ RI KLJKHU












%LRSRWHQWLDO FRPPRQO\ UDQJLQJ LQ YHU\ ORZ OHYHU YRO
WDJH FRPPRQZKLWH QRLVHPD\ HDVLO\ DIIHFW WKH LQWHU












7KUHH RSDPS DPSOLILHU LQWHJUDWHG FLUFXLW ,& FKLSV KDG
EHHQZLGHO\XVHGLQWKHGHVLJQVKRZHYHUWKHVH,&LVQRORQJ
HU VXLWDEOH ZKHQ D PRQRSRODU PHDVXUHPHQW LV UHTXLUHG >@
)XUWKHUPRUH WKHFRPPHUFLDO ,&FKLSVKDGKDGVSHFLILFYDOXH
RIJDLQZKLFKKDGEHHQSUHVHWLQLWLDOO\DQGGRQRWPHHWZLWK
WKH ELRSRWHQWLDO VLJQDO UHTXLUHPHQWV0RGLILFDWLRQV RI FLUFXLW
DUHQHHGHGWRDGDSWWKHVHDPSOLILHUVWRWKHDSSOLFDWLRQV
7KHUHIRUHLWUDLVHGWKHLGHDWRGHVLJQDQGGHYHORSDQ((*
DPSOLILHU XVLQJ WKH GLVFUHWH FRPSRQHQWV VXFK DV WUDQVLVWRU
UHVLVWRUDQGFDSDFLWRULQVWHDGRI,&FKLSV
%\XVLQJWKHWUDQVLVWRUV WKHDPSOLILHUFKDUDFWHULVWLFFDQEH
HDVLO\GHVLJQHGDQGVHW WR WKHGHVLUHGYDOXHVZLWK WKHKHOSRI




UHVHDUFKHUV$\DNLHWDO >@ LQ WKHLUGHVLJQ IRUDPXOWLVWDJH
PLFURZDYHWUDQVLVWRUDPSOLILHU
$VVWDWHGEHIRUHGLIIHUHQWLDODPSOLILHULVWKHPDLQFRUHIRUD
ELRSRWHQWLDO DPSOLILHU WR LQFUHDVH WKH JDLQ RI WKH DPSOLILHU
VRPH JDLQ DPSOLILFDWLRQ XQLWV FDQ EH DGGHG DV UHTXLUHG WR
DFKLHYHGHVLUHGJDLQ+LJKSDVVDQGORZSDVVILOWHULVDGGHGLQ
WKHFLUFXLWLQRUGHUWRILOWHURXWWKHQRLVH7KHDPSOLILHGVLJQDO
LV WKHQ FRQQHFWHG WR FRPSXWHU YLD D GDWD DFTXLVLWLRQ FDUG



































LQJ WKH FRQYHQWLRQDO WUDQVLVWRUV UHVLVWRUV DQG FDSDFLWRUV LQ
VWHDG RI XVLQJ RSDPS FKLSV $V VXFK WKH GHVLUHG JDLQ LV










'DUOLQJWRQ SDLU LV XVHG LQ LQSXW SDUW WR LQFUHDVH WKH LQSXW
LPSHGDQFH
%*DLQVWDJH
%DVHG RQ WKH UHTXLUHPHQW RI WKH ELRSRWHQWLDO DPSOLILHU
FRPPRQ HPLWWHU &( DPSOLILHU LV WKH PRVW VXLWDEOH
FRQILJXUDWLRQXVHG WRSURYLGHPRGHUDWH LQSXW LPSHGDQFHDQG
YROWDJHJDLQDQGWKXVLWKDGEHHQFKRVHQWREHWKHJDLQVWDJH
IRUWKLVDPSOLILHU
:LWK WKH VHOHFWLRQ RI SURSHU YDOXH RI UHVLVWRUV DQG
FDSDFLWRUV WKH JDLQ SURYLGHG E\ WKLV &( DPSOLILHU KDG EHHQ




DPSOLILHU DQG PXOWLSOH &( DPSOLILHUV JDLQ 7KH GLIIHUHQWLDO
DPSOLILHU JDLQ ZDV IL[HG WR D YDOXH RI  DQG HDFK&( DP
SOLILHUSURYLGHGDJDLQRI7KHUHIRUH WKH WRWDOJDLQRI WKH




WR DPSOLI\ WKH LQSXW VLJQDO RI 9 WR WKH RXWSXW VLJQDO RI
DURXQG9
&$&FRXSOLQJ
$V IRU WKHSURSRVHGFLUFXLW VRPHFRXSOLQJFDSDFLWRUVKDG
EHHQ ORFDWHG LQ &( DPSOLILHU FLUFXLW WR EORFN WKH GF RIIVHW
YROWDJHDQGLQFUHDVHWKHJDLQYDOXH
+RZHYHU FDSDFLWRU LV D IUHTXHQF\ UHVSRQVH HOHPHQW DQG
WKLVZLOODIIHFW WKHDPSOLILFDWLRQJDLQRI WKHDPSOLILHU LQ ORZ
IUHTXHQF\ 7KHUHIRUH WKH FLUFXLW VKRXOG EH GHVLJQHG WR SUR




IUHTXHQF\ WRZDUGV ]HUR +HUW] >@ +RZHYHU LQ SUDFWLFDO
VHQVHLQFUHDVLQJWKHYDOXHRIFDSDFLWRUZLOODOVRLQFUHDVHWKH





KDG IRUPLQJ D KLJKSDVV ILOWHU WR HOLPLQDWH DQ\ ORZ IUH
TXHQF\QRLVH
$QRWKHUKLJKSDVVILOWHUKDGSODFHGDWWKHRXWSXWSDUW,W





WKH DSSURSULDWH UHVLVWRUV DQG FDSDFLWRUV YDOXHV KDYH EHHQ
LGHQWLILHG WR VHW WKH VSHFLILF JDLQ DQG KLJK SDVV DQG ORZ
SDVV FXWRII IUHTXHQF\ D ELSRODU((* DPSOLILHUZDV FRQ




FLUFXLWKDGEHHQ WHVWHGXVLQJ DQ LQSXW VLQXVRLGDOZDYHRI





























VLJQDOV VXFK DV ((* DQG (&* $ JDLQ RI G% 
DPSOLILHU LVXVHG WRFROOHFW WKH((*VLJQDO7KHKLJKJDLQ LV
DFKLHYHG E\ FDVFDGLQJ WKH GLIIHUHQWLDO DPSOLILHU ZLWK  JDLQ









KXPDQ ERG\ LQ RUGHU WR FROOHFW (&* VLJQDO LQFOXGHV OLPE
OHDGVDXJPHQWHGOLPEOHDGVDQGSUHFRUGLDOOHDGV
)LJDQG)LJVKRZWKH(&*VLJQDOFROOHFWHGDWSRVL




HU VSHFWUDO SORW LW VKRZV WKDW ZLWKRXW DQ\ DGGLWLRQDO ILOWHU


















DOSKD EDQG ((* +] RI WKH VXEMHFW KDG EHHQ FRO
OHFWHG5HIHUWR>@IRUGHWDLORI((*VLJQDO









6RPH FDVFDGLQJ FDSDFLWRUV KDG EHHQ ORFDWHG LQ &( DP
SOLILHU LQ RUGHU WR EORFN DQ\ GF YROWDJH $W WKH VDPH WLPH














































DQG RXWSXW FRQQHFWLRQ WR '$4 V\VWHP 7KHUHIRUH IXWXUH
LPSURYHPHQWDQGWHVWLQJLVUHTXLUHGWRSURYHWKHSHUIRUPDQFH




 -5 :ROSDZ 1 %LUEDXPHU '- 0F)DUODQG * 3IXUWVFKHOOHU 70




 $& 0HWWLQJ YDQ 5LMQ HW DO ³+LJK TXDOLW\ UHFRUGLQJ RI ELRHOHFWULF





































ELRHOHFWULF DPSOLILHUV´ ,((( WUDQV 2Q %0( 9RO  SS








 / %DGLOOR 9 3RQRPDU\RY ( 5DPRV / ,JDUWXD ³/RZ QRLVH
PXOWLFKDQQHODPSOLILHUIRUSRUWDEOH((*ELRPHGLFDODSSOLFDWLRQV´
3URFHHGLQJV RI WKH WK $QQXDO ,QWHUQDWLRQDO &RQIHUHQFH RI WKH
,((((0%6&DQFXQ0H[LFRSS
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